Coal-fired power generation is expected to grow over the next 10 years and become the most important source of electricity in Malaysia. As the coal usage for electricity generation continues, there is a critical need to assess the circular economy development and the reduction of emissions. So far, in Malaysia, such study for coal fired plant has not been further investigated. In this paper, a survey on a coal fired plant in Peninsular Malaysia is conducted to focus on evaluating the relative plant efficiency using a circular economy concept. Using the survey field data, a DEA or Data Envelopment Analysis method is employed to evaluate the coal plant performance. The simulation result infer that the DEA model can be used to help government to reveal the relative efficiency and inefficiency unit of the coal fired plant which needs to be improved. Also, the result recognized several unit of plants as the benchmark of circular economy for enhancing the performance of the electricity generation in Malaysia.
Introduction
Electricity is the foundation that spurs the socio-economic growth in the country. In 2015, Malaysia's total installed capacity was 30,439 MW, an increase of 0.6% from 29,974 MW in 2014. About 75% of the installed electricity capacity is located in Peninsular Malaysia, 16% in Sarawak and remaining 8% in Sabah (Suruhanjaya Tenaga, 2016) . Currently, coal is the biggest energy source for electricity generation in Malaysia. As the economy continues to progress, the demand for energy is inevitably on the rise and the use of coal for power generation is projected to grow as well from 53% in 2015 to 56% by 2026 (Suruhanjaya Tenaga, 2017) . Within the last ten years, Malaysia's emissions has increased almost 12.3% from 281.15 Million tonnes in the year 2005 to 315.69 Million tonnes in the year 2014, of which,; about 40% is from the power generation, that is mainly from coal-fired plants (Bekhet & Mat Sahid, 2016) .
The coal combustion emit significant CO2 emissions and pollutants into the atmosphere such as sulfur dioxide (SOx), nitrogen oxides (NOx), etc (Zhao et al., 2017) .
As the CO2 emissions growth has becoming important global issue, many countries, including Malaysia, have undertaken active roles in the effort for energy conservation and emissions reduction. As part of global environmental commitment, in 2015 during the 21th Conference of Parties (COP21), Malaysian government is pledged to reduce its CO2 emissions intensity by 45% by 2030 as compared to the 2005 emissions intensity level. This reduction consists of 35% on an unconditional basis and a further 10% conditional upon receipt of technology transfer, finance and capacity building from developed countries (Begum et al., 2015) . Consequently, as the environmental issues of coal-fired plants has been increasingly important, it has become a top priority for mitigation and appropriate policies need to be implemented as to achieve the CO2 emissions reduction target (Baris et al., 2016; Mokthar et al., 2014) .
For instance, the Malaysian government has initiated a push for renewable energy (RE) as a cleaner alternative solution for emissions reduction in the power generation (Mustapa et al., 2010) . In terms of coalfired technology, the ultra-supercritical technology has been introduced in the country for new coal plant that aims to promote higher efficiency of coal plant for less requirement of coal per electricity generation.
Efficiency improvement of coal-based power plants through this technology would enhance the performance of power industries. It would increase consumer benefits through cost reduction, while enhancing energy security and assist to reduce CO2 emissions through more efficient of coal use (Malek et al., 2013) .
The circular economy assessment has been widely used as an effective means to improve the energy efficiency and the resource utilisation rate, especially in the waste system (Michelini et al. 2017; Sanzes et al., 2017; EPU, 2016) . The circular economy aims to reduce resources input and emissions output. It presents a new pattern of economic operations which build upon a concept of reduce, reuse and recycle (3Rs) which offers enormous opportunity to improve the energy efficiency and resource utilization as well as reducing CO2 emissions (Heshmati, 2016) . Using the circular economy concept, this paper attempts to assess the coal plant efficiency in Malaysia. To date, such study has not been further investigated in Malaysia. It has however, been studied in other countries (Liu et al., 2017; Zeng et al., 2009; Zeng & Zhang, 2011; Sozen et al., 2010) . Hence, we wish to fill the gaps in this study.
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Problem Statement
Coal-fired power generation is expected to grow over the next 10 years and become the most important source of electricity in Malaysia. This is a challenge for Malaysia due to the fact that the increment of coal-based plant installation in the country would cause the CO2 emissions level to increase as well. Improving the coal plants efficiency would improve the power industries performance and the CO2 emissions will also reduce through efficient coal utilisation. Besides, the government is completing the amendments in emissions standards for heat and power generation sectors under an Environmental Quality Regulation (Mokhtar et al, 2014) , which implies power sector to invest for emission control improvement as compliance to the regulations will be mandatory by June 2019. Therefore, there is a critical need to assess the efficiency improvement of the coal-fired plant. Builds on the recent regulation commitment and country's target for CO2 emissions reduction by 2030, this paper attempt to shed light on to operational performance and relative efficiency of coal-based power plant through measuring, improving and benchmarking procedure.
Research Questions
The main research questions are as below:
 What is the relative efficiency of coal plant using the circular economy concept?
 What is the benchmark to improve the efficiency of coal plant?
Purpose of the Study
The purposes of the study are as below:
 To assess the coal plant relative efficiency using circular economy concept.
 To rank and improve the efficiency of coal plant based on DEA model.
Research Methods

DEA Method
DEA is a non-parametric method of linear programming which is commonly employed to empirically evaluate the efficiency and relative performance of decision making units (DMUs). The DMUs is homogenous in the sense it uses the same inputs to produce the same outputs (Amin & Toloo, 2007) .There are mainly two DEA models which can be divided into CCR model or BCC model (Zeng et al., 2009) . In this study, the BCC model is used for measuring the technical efficiency of DMUs, which implies that increases in inputs would leads to changes in outputs in a variable rate, corresponding to the reducing principle of circular economy (Sağlam, 2017) . To obtain the best BCC-efficient DMU: org/10.15405/epsbs.2018.07.02.66 Corresponding Author: Siti Indati Mustapa Selection and peer-review under (c) if θ*<1, then DMU is DEA ineffective.
SBM Model
The BCC model is able to discover the effectiveness of DMUs (Zeng et al., 2009) . However, it is not able to rank the DMUs efficiencies. This study deal with 48 DMUs with the input and output matrices X=(x_ij )∈R^mxn and Y=(y_ij)∈R^sxn, respectively. The dataset is assumed positive, X>0 and Y>0. The production possibility set P is defined as:
Where λ is a non-negative vector in ℝ . Considering an expression for describing a certain DMU ( , )
as: 
To evaluate the efficiency of (xo, yo), the fractional program can be formulate in λ, s -and s + . SBM minimize Eq. (5) subjected to Eq. (3) and (4). A DMU (xo, yo) is SMB-efficient if ρ* = 1 (Tone, 2011) . The first assessment stands to measure their relative efficiency with BCC model. Should DMUs are DEA ineffective, the rank order can be obtained with their relative efficiency. If, on the other hand, DMUs are DEA effective, the SBM will be utilised to evaluate their efficiency. The rest of DMUs can then be ranked in accordance to the SBM efficiency value. Consequently, the ineffective unit of the DMUs can be improved with the SBM evaluation result.
Findings
Input-output indicators
The foundation of circular economy evaluation in the coal plant reflects the "3R" standard which are reduce, reuse and recycle (Zeng & Zhang, 2011) . The circular economy effectiveness, along with the emission reduction can be evaluated through the consumption intensity, resource productivity, material flow intensity, water discharge rate, and etc. In the efficiency assessment, more output is desired as opposed to emissions (Zeng et al., 2009 ). The emissions, it is the unavoidable output resulted from the burning of fossil fuels (production factors). From a circular economy viewpoint, emissions, should be minimised under the evaluation. Hence, to run-through the DEA model, the emissions shall be considered as an input DMU's, rather than output, in the analysis (Zeng et al., 2009 
Data isotonicity test of input-output indicators
There are 4 coal power plants operated in Peninsular Malaysia. However, due to data limitation, the study only able to collect data from supercritical coal plant (4 units × 700 MW) located in Peninsular Malaysia. A 12 month data for the year 2016 of the 4 units plant are used in the study which consist of 48 DMUs in the model. In the study, a total of 4 input and 2 output are used as indicators for circular economy measurement. The DEA model entails that the DMUs shall be homogenous with comparability and meet the isotonicity, which implies that the output must not decrease as the input increases (Ruiz & Sirvent, 2016) . This can be confirmed using correlation analysis of the 48 DMUs indicators as shown in Table 02 .
The result revealed that the input and output indicators are all positively correlated. This indicates that the input and output of the coal plant meet the isotonicity requirement and it reflects the relationship required for implementing the circular economy. 
Assessment Result
The survey data of the 48 unit of the plant are listed in Table 03 , with which the efficiencies of the 48 DMUs are calculated by BCC model using DEA software. The results in Table 04 depicts that the circular economy efficiencies of 11 units plant are equivalent to 1, which implies DEA-effective while another 37 units plant are relatively inefficient such as P13 -P24, P26 -P36, P38-P41, P45, P48, P410 and P411, and > θ*P48 > θ*P39 > θ*P26 > θ*P21, > θ*P41 > θ*P312 > θ*P38 > θ*P45 > θ*P411 > θ*P210 > θ*P34 > θ*33 > θ*P29 > θ*P410 > θ*P18 > θ*P31 > θ*P17 > θ*P110 > θ*P36 > θ*P35 > θ*P28 > θ*P15 > θ*P27 > θ*P310 > θ*P112 > θ*P23 > θ*P22 > θ*P311 > θ*P24 > θ*P211 > θ*P32 > θ*P212 > θ*P14 > θ*P13 > θ*P111 > θ*P16 > θ*P19. 
Improvement of DEA Inefficient Unit Plant
The aim of the evaluation is for improving the inefficient DMUs. From the SBM results indicated in Table 04 , the projected value of ineffective DMUs of P13-P24, P26 -P36, P38-P41, P45, P48, P410
and P411 can be calculated with model in Eq. (5) and the result is shown in Table 05 . Hence, the efficiency of 37 units' of the plant can be improved according to the projected value. The efficiency performance could be achieved, among others, by upgrading or modifying plant design, increasing heat rate, use better coal type and grade, etc. (Malek et al., 2013) .
Conclusion
As a conclusion, there has been widespread recognition that coal usage will continue to increase for power generation in Malaysia. At the same time, it has become increasingly urgent to reduce CO2 emissions for meeting the emissions reduction target. As the biggest emitter of power generation, coal fired plants shoulder an arduous task. The study finds that the concept of circular economy with 6 input and output indicators based on BCC and SBM model can be employed for assessing, ranking and improving the relative efficiency of coal-fired plants. Builds on Malaysia commitment for CO2 emissions intensity https: //dx.doi.org/10.15405/epsbs.2018.07.02.66 Corresponding Author: Siti Indati Mustapa Selection and peer-review under responsibility of the Organizing Committee of the conference eISSN: 628 reduction by 2030, the evaluation result provides the benchmark and baseline for the efficiency improvement of coal-fired plants. As the government is in the midst of finalising the emissions standard for heat and power generation, the result provides valuable input to power plant to implement energy efficiency measures in the plant unit which ranked low positions. However, the current model used in the study is a relative assessment which is only based on unit level with limited indicators in the coal-fired plant. In future, when data become available, reliable circular economy indicators can be used to include more complete circular economy indicators of coal plant in Malaysia. With this, the relative assessment and absolute evaluation of the coal-fired plant can be fully assessed that will shed light on the possible improvement of coal-fired plant in Malaysia. By measuring, improving and benchmarking, the results can be used as guidelines to examine policies with appropriate strategies to improve the plant efficiency of the country towards energy sustainability.
